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ABSTRACT

Syrianhamsterswere exposedto lung Irradiationby variousmodalities

that have differedin degreeof localizationand the fractionof lung exposed.

The animalshave been given alphaemittersunder severalexposureconditions:

intratracheal(IT)instillationof
210

Po and 239Pu02-Zr02microsphere,

inhalation(INH)of 238 & 239Pu02-Zr02particlesand/orintravenous(IV)

238 & 239pu02-Zr02miaroapheres.inje~tionof Beta-emitting‘47Pmwas also

. administered,usingour standardIV injectiontechniquein which the

radlonuclideis incorporatedinto 10vm diameterZr02mierospheresand

depesitedin the lungsvia the jugularvein. Thesemiorosphereslodge

quantitativelyIn the pulmonarycapillarybed for the durationof the animal~s

life span. TotalIV Pu microspherelung burdenshave rangedfrom0.14 nCi to

484 nCi and the numberof spheresfrom 1500to 880 000. Pu burdensfrom

inhalationhave rangedfrom8 nCi to 101 nCl, IT Po burdensfrom25 to

122 nCi, and Pm-ladenmlcr-ospt:ereburdensfrom 427 to 15 750 nCi.

Intratrachealinstillationof 2’0Po solutiongave nearlyuniformalpha

irradiationof the entirelung, intravenousinjectionof largenumbersof Zr02

microsphere ladenwith
147Pm gave whole lung exposuresto low LET radiation,

and IV injectionof Pu-miorospheresprovideda gradationof focalalpha

exposures. The Po and Pm exposureswere highly.tumorigenie,whereasthe Pu

miorospheresproduoedtumorsonly when a large fraotionof the lung was

exposedto largeradiationdoses. However,Pu-Zr02administeredvia

inhalationwas very oareinogenicand resultedin tumorinoidencesof 50% in

some experiments.

The IT instillationof

administrationdramatically

Fe203followingIV or IT Pu-Zr02mjmosphere

enhanaedl,ungtumorinduction.



INTRODUCTION

In the late 1960’s,the Los AMMOS SolentlficLaboratory(LASL)ambarked

on a programto delineatethe role of internallydepositedradiationin

carcinogeneaisof the respiratorytract. Initiallythe principalooncernwas

to studythe comparativetumorlgenic!ityof localizedversusdiffusealpha

irradiationin the hamsterusing 10 Mm diameterceremiomlcrospheresof

Pu02-Zr02lodgedin the pulmonarycapillarybed. The purposeof this approach

. was to determinewhetherradiationfrom localized‘hot spotsnwas more

hazardousthan an equivalentamountof radiationuniformlydistributed

throughoutthe entirelung. It was generallybelievedat the time that dose

localizationprobablywould decreaseratherthan increasetumorrisk

(Baira&, 1974;Nat. Aoad.Sol., 1976;Commissionon Radiat.Protection,

1978). LASL$Sendeavorwas aoneelvedby W. H. Langheunand C. R. Richmond,

and calculationsby

dose-responsecurve

singlqcells In the

Man and Langham,(1969)suggestedthat if the

for rat skin (Albert~Q., 1967)approximatedthat for

pulmonarymilieu,a relativelymall numbarof

plutonium-containingparticlesdepositedIn the lungsof animalsshouldelicit

a significantnumberof primarytumors. The Syriangoldenhamsterwas

selectedbecauseof its low spontaneouslung tumor incidence,freedomfrom

infectiouschronicrespiratorydisease(CRD)and susoeptibllityto both

uhemioaloaroinogenesisof the respiratorytraot (Saffiotti~a., 1968) and

radiation-induoedtumorigenesisin the lung (DeVllliersand Gross, 1966;

Warrenand Gates, 1968;Little~&, 1970). The ‘hot partlclenstudieswere

extendedto Include1ow-LETradiationundercarefullydefinedconditionsof

dose ratesand fraotionof lung exposed. 147
Promethium,a soft 8 emitter,was

Incorporatedinto the Zr02 oeramiomierospheresand lodgedin the pulmonary

oapi.lhrybed via jugularvein injection(Andersonu~., 1979h).



Finally,attemptswere made to addressother fundamentalproblems

associatedwith radiation-induoedrespiratoryeareinogeuesissuah au the role

of enhancingagentsand the effectsof par%iolecompositionand ohemioal

matrixon inhaledradionuelide-inducedtumordevelopment. This report

summarizesthe resultsobtainedfrom thismultidisctpllnaryapproach.

MATERIALSAND METHODS

.

Syrian(golden)hamsters were obtainedfrom either

the LakeviewnsmsterColony(Newfield,NJ) or EngleLaboratoryAnimals

(Hazuzond,IN) at an age of 4 to 6 weeks and wer~ admittedto our experimental

animalcolonyaftera 2-weekquarantine. Exposedor controlanimalswere

housedtwo to a polycarbonatecage with aspen shavings(lowdust) for bedding.

A sheetof DuPontNo. 22 apinbondedpolyesterfiltercoveredeach shelfand

minimizedcontaminationbetweenindividualcages. Cagesand beddingwere

changedtwicewsekly,

commercialstockdiet

provided~~.

and animalswere inspecteddally. Waterand a

(TekladHamsterDiet, TekladMills,W1.nfield,IA) were

Waterbottleswere equippedwith disposablecaps and

autoolavedsippertubes. The animalswere exposedat an age of about 100 days

afterat least50 days of conditioningat Los Alamosaltitude(2200m).

When anesthesiawas neeessary(XV microsphereinjectionsand IT instil-

l!atiwsof Fe203/saline),the hamsterswere given intramuscular(IN)ketamine

hydrochloride(Ketaset,WinthropLaboratories,New York, NY). To injcotthe

spheres,a jugularvein wad exposedand isolatedby sharpand bluntdisseotlon

and the spheres,suspendedin saline,were flushedinto the vein (Holland

@,Q., 1971). The animalswere suspendedverticallyagainsta plexiglass

standwith theirzwths held open by a fixedwire and an elastic!band for the



IT instillations.A 19 gauge,7 om blunt-tippedmnnula dam wed to Instill

the hematite/salineat the traohealblfuroation(=itha~., 1974).

After injections,all arimalswere oheakceddaily,mortbundhamsterswere

killed,and dead animalswere neoropaiedas soon as feasible. The respiratory

tractwas Instilledvla the tracheawith 5 to 6 ml of 10% neutralbuffered

fommlin and the tracheaocoludedby clampingwith forceps. The trachea,

lung,and heartwere removed~J&QQ and fixedin formalin.

Completegrossand microscopicexaminationswere performedon all organs.

For histology,right and left lungswere separatedafter fixation. The left

lung was bisectedalongthe rostral-oaudal8x18 parallelto the main stem

bronchus,and both portionswere embeddedin a singleblook. The right lung

was embeddedin a

routinelystained

separateblock. The blockswere sectionedat 6 Vm and

with hematoxylinand eosin. Lung tumorsand other lesions

were scoredby scanningmultipleaectlonsthat includedlongitudinalsections

of ma~or bronchi. All resultswere storedin a computerizeddata base for

retrievaland analysia.

Productionand

desc:libedin detail

propertiesof

(Andersonand

the IV Injectedmicrosphere have been

Perrings,1978).The spheresconsistedof a

high-fired(1000°C) ceramioof Zr02 containinga smallfraction(9 X 10”5to

1.1X 10-2)of PU02or; in a few experiments,the 8-emitter147mo

Measurementsof the distributionof spherevolumeswith a Coultarcounter

(CoulterEleotronios,Hialeah,FL) gave a eoeffiolentof variationof 4%

(correspondingto 1.3~ diameterresolution). The variabilityin Pu oontent,

determinedby countinga radiationof individualspheresfrom the moat aotive

batohes,was foundto be t 2.6$. The amountof Pu added to the various

batohes6f sphereswas variedwithinwide limits (0.O’7to 59 pCi/sphere)tO



determinewhich apeaifloparticleactivitywas most tumorigmic. Particlesof

pure Pu02with theseaetlviti.eswould have diametersof 0.09.to0.86 wa for

238 239Pu,thus approximatingthe size rangeofPu and 0.6-5.6urnfor

reapirableparticles. The isotopeaotuallyused in mlcrospheresof a given

activitywas govemeciby the desireto keep the chemicalconcentrationof the

Pu below 1S. Thus,239Pu was used in the sphereswith activitiesbelow 2 pCi

238Puin sphereswith higheractivities.and Becausethe sphereswere

predominantly2°02,all specificactivitieswere far below thoseof similarly

sizedpure P@~2 particles,and effects(suchas increasedapparentsolubili.ty)

258Pu02did not occur.associated~ith the very high specificactivityof The

only difference‘betweenthe two isotopesis the greaterenergyand rangeof

the 238Pu u particles. The numberof o microsphere injectedrangedfrom

O (controls)to 880 000 yieldinglung burdensof O - 484 nCi (Holland~Q.,

1976;~ith &Q., 1976;llnderson~~., 1979a). To facilitatethe~~

measurementsof injectedand reta?.neddoses,a low-leveltag of 57C0 was added

to all spheres. Cobalt-57deaaysby pure electroncapturewith the emission

of y rays of energy122and 136 keV. TM amountadded (typically

1 to 2 pCi/sphere)gave a y dose to the lung 1/300that fran the Pu a spheres

on a rad basis, For IV injection,the desirednumberof microsphere

(verifi~ by 57Co counting)was suspendedin saline,and drawn into a 40 CM

lengthof polyethylenetubing0.58 mm innerdiameter. The oontentsof the

tubingwere injeotedinto the jugularvein by flushingwith 0.5 ml of

0.15 m NaCl from a pulsed-flowdentalhygienedevice(Holland~u., 1971).

The pulsationsare neuessaryto keep the densespheresin suspensionand to

obtainquantitativedelivery. Detailedrebentionstudiesshowedno detectable

exaretionor translocation.The averagecoefficientof vartationof



individualhamsterdoses about theirmean was 28$. The actualnwber of

spheresgiven each animalwas recorded.

Resultsobtainedwith S-emittingmicrosphere containing
147pmwe

summarizedhere (’TableI). Detailsare reportedelsewhere(Anderson~~.,

1979b).

210~

In the experimentwith 210Po,IT inst~llationundersodiummethohexital

. anesthesiawas performedauoordingto the prooedureestablishedby Littleand

Kennedy,(1979). Each animalwas given0.2 ml of freshlypreparedsolution

(10V1 of a 1 M HN03 solutionof Po in 10 ml of physiologicalsaline). The

dose was estimatedby liquidscintillationcountingof ‘dummydoaen aliquots

and was givenweeklyfor 7 or 15 weeks. No ferrisoxidewas addedas carrier,

and the hydrolyzedPo waa ft’eshlydispersedat administration.

.

Une week followingeitherthe IT or IV administrationof microsphere

(TableIII),the hamsterswere given eitherO, 1 or 10 (oncea week x 10

weeks)dosesof 0.3 mg or 3 mg Fe203 in 0.2 ml salineIT. Fe203 (certified

anhydrous,FisherScientificCo., Fair Lawn,NJ) was suspendedin 0.15 M NaCl

via sonificatlonwith a sonlfiercell disrupter(HeatSystemsCo., Melville,

NY) .

ed P*

Detailsfor this faoetof our work are

1979a,1979b). Briefly,groupsof hamsters

given elsewhere(Thomasand .Smjth,

were dividedand exposedas shown

in TableIV. In additionto thoseanimalsused to aaaessthe incidenceof

tumorigenesis,a few were killedto establishtissuedistributionsof the

radionuclide.The animalswith oombinedINH and IV administrationsreceived

the injectedmicrosphere one week prior to the inhalation. The ‘nose-onlyn



inhalationohamberend aeroaolgenerationsystemhave been deaoribed(Raabe,

As., 1973). The startingmaterialin the nebulizer(14eroer,~&, 1968)

was zirooniumdioxideaol identioalto that used in the processof

manufacturingmicrosphere for IV injection(Andersonand Perrings,1978).

238 ‘r 239Pu(N03)4was addedto the aol plus a smallThe desiredamountof

amountof 57Co gama emittingtracer. The dropletswere passedthrougha

heatingcolumnat 900°Cbeforeenteringthe inhalationchamberand the animals

. were exposed‘nose-only”for periodsof approximately20 minutes.

All.lesionswere olasslfiedmorphologicallyaccordingto descriptions

given elsewhere

RBSULTS

(9nith@u., 1,974, 1976; Thomasand 9nith,1979a.

A summaryof the ‘hot particle”data Is providedin Table I, in whioh tke

experimentsare tabulatedInto threecategories: controls,looalized,and

diffuseexposures. Controlanimalsreceivedeitherno spheres,microsphere

that containedno radioactivityor thosethat had only the 57CC tag (about

1.6 pCi/sphere). Threeof the controlanimals,from a group of 88 that had

received106 000 spherescontainingonly the 57Co tag,were the only controls

to developlung tumors. This is the only experimentin our programin which

animalsreceivingonly the 57Co-taggedspheresdevelopedtumors. Thus,it is

difficultto asoribletumorigenicityto 57Co y irradiationat theselevels.

The overallincidenceof bronchiolaradenomatoidlesion(BAL)proliferationof

terminalbronchiolarepitheliumsintoalveolithat is consideredby some to be

a preneoplasticohange,in controlanimalswas 14%.

AnimalsIn the ‘localizedexposure”categorywere givena-emitting

microapheresIV in suchnumbers(1500to 15 000) that less than 10% of the

lung mass waa irradiatedfocally. This minimizedoverlapqi,lgof individual



TABLEI
Smmary of LASL ‘Hot ParticlenData

Malignant
Lung L- Lung

No. of Burden No. Of’ Tumor Tumor BAL
Spheres Nuolide (nCi) Hamstera I&cldence s Inuidenee Iwi.demea

Controls o- Iu --- 0 521 0.6S 0.2s 14$
(0-3$)

Localized
Exposures 1.5-15K 238h or

239PU
0.14-484 862 0.8S 0.5$ 4$

(a-spheres) (0-4$)

~iffuse
Exposures 34-680K 238

Pu or 31-131 307 6.3s 2.3% 20$
(a-spheres) 239PU (1-12s)

Diffuse
Exposures 6-152K 147pm 427-15750 239 20% 13s 30s
(8-9Fheres) (O-38X)

Diffuse
Exposures

2I,opo

(ITa sclution) ‘--
25-122 155 445 19s ---

(39-50s)

a BronchiolarAaenomatoidLesionin nontumor-bearinganimals. .



radiationfhlda insuringthat exposureconditionswould be trulyfrom foml

pointsouroes. The aotiv~tyof individualsphereswaa from 0.07 pCi.[the

minim- aotivityoriginallydefinedby Taoplinand Coehan (1970) as being a

‘hot ~tieleaj to 59pCi. Sevenof the 862 animalsat risk developodprimary

lung tumors

miwouphere

frm 17$ to

injectedIV

and the BAL ineideneewes 4s. Total lung burdensin dtffusealpha

exposureswere from 31-131 nCi whichwaro mlculated to irradiate

greater than 995 of the lung mass.Numbers of mierospheres

wer* 34 000 to 860 000. The pr~ary lung tumorincidencewas 6.8S

with 2.3~ havingmalignantadenocarainomasand 20Z, BAL. TumorigenecitYof

alphaemittingmtcrospheresversus fraotionof lung irradiatedis given in

Table II. Significantnumbersof lung tumorswere not .roduceduntil28$ of

the totallung was exposedto the alpha-irradiation.

Animalsreceivingbeta-emitting(147Pu)sphereswere givenlargenumbers,

6000 to 152 000, so that lung burdensrangedfrom 427 - i5 750 nCi,

irradiating100%of the lung at the higherlevels. The mean lung tumor

incidenceIn these studieswas fromO - 38$ (Anderson~ ~., 1979b). Tumors

were not produceduntil the lung burdenwas 3360 nCi. The BAL frequencyin

theseanimalswas 305.

Lung burdensfrom the Instillationof solutionsof 210P0 were frm ~~ to

122 nCi whichresultedin an overalltumorincideneeof 44S; 19% Of’ the

animals had malignanttumorsof the respiratorytraot,usuallymixed

adenosquamouscarcinomas,that aroseperipherallyin the bronchialtree.

Detailsoi the exposurereginm for the studiesusingFe203/sallneas

enhancingagentsto alpha-induoedlmng tumordevelopmentare presentedin

Table III. Tumor 5ncidencesare likewlsesummarizedIn Table III Aich gives

the ratioof animalswith tumors to total animals. The standarddeviations

(SD)were calculatedfor binomialstatistics(U2 = npq),wheren = nunberof



.

TABLEII
Tumorigenicityof AlphaHiorospheres

Fractionof Microsphere ‘Jw ‘fmor
Numberof Lung Irradiated SpecificAotivity Burden Tumors/ Inc?idenoe

Spheres/Animal W) (pci) (nCi) An-s ($ *m)

2,360 1 58.9 139 0/68 O*2

10,900 5 8.9 97 0/17 0t6

58,800 28 2.0 118 19/160 12’3

312,000 80 O*4 131 2/25 826



TABLE 111
Effectof FerricOxideon Tumor Inductionby Mi.crospheres

Animalswith Tumors/TotalAnimals
Jv SQllSM&

1/66 = 2 * 25a 4/73 s 5 * 35~

F-iUxUis ~om~- 10 t.Wm -kDg ~IURti
.. ● 2tau

7/41 = 17 * 6f 13/33= 39 * 9%

e (?.0 w 10 t~s. wee~v.. 30 ~

1/24 = 4*4$ 18/35 = 51 k 8!?

~otal burdens: 33 nci (30 000 spheresx 1.1 pCi/sphere),17 animals;
45 nCi (50 000 sphereex 0.9 pCi/sphere,21 animals;and 54 nCi (60000
spheresx 0.9 pCi/sphere),28 animals.

bTotalburdens: 33 nCi (30000 spheresx 1.1pCi/sphere),17 animals;and
76 nCt (36 000 spheresx 2.1 pCi/sphere),56 animals.



animals,p = fractionwith tuners,and q = fraotionwithouttumors).

Approximatelyone-thirdof the tumorswera adenooareinoiaasand

adenomaswith ~tIdUUtlOki tlnms’of25 to 82 wk. Controlanimals

aloneonce a week for 10 wk did not developtumors (0/18= O t

shown)● AnimalsreceivingXV spheresalonehad a primarylung

2 2$ and thosegiven IV spheresand a singleInstillation

two-thirds

receivingFe203

5$)(datanot

tumorInoidenae

Ten instillationsof Fe=O,increasedthe lung tumorineideneetd 7/41, 17

for 0.3 mg/wk,and

givenIT, 4/73 (5 f 3S)

instillationraisedthe

contrastto the laok of

GJ

1/24, 4 t 4X for 3.0 mg/wk. Uhenmloroaphereswere

hamstersdevelopedlung

tmor inoidenoeto 8/21

effectwith IV spheres.

tumors. Even

(38 t 11$) --

Ten repeated

a ‘imle ‘8203

in marked

instillationsat

two differentlevelsdid not resultIn a significantadditionalincreasein

tumorincldenee(13/33,39 t 9% for 0.3

3.0 mg/wk). It is concludedfrom these

enhanmd tumorinduotionby both IV and

enhanmment was greaterfor IT spheres,

more tumorigentcthan IV spheresin the

mg/wk, and 18/35, 51 ~ 8S t’c$r

resultschat IT instillationof Fe20a
.

IT Pu/Zr02microsphere, that

and that IT spheresmay be somewhat

absenceof hematiteenhancement.

The experimentaldesignfor our studieswith (Pu-Zr)02injected

mierospheresand/oriniialedparticlesby Syrianhamstersis inoludedas

TableIV. The inoidenceand type of pulmonarytumorsand BAL incidenceare

given in TableV. The highestfrequenoyof lung tuaors(501)oouurredIn

Group I animalswhich reoeivedmean initiallang-termlung burdensof 101 nCi

238
Pu via inhalationonly. GroupG with a mean totallung burdenof 143 nCi

238Pu (56n(’tvia 20 000 miorosphereaIV plus 87 nCi via inhalation)had a 401

lung tumorimidenue. Twenty-eightperoentof the hamstersin Group H

developedpulmonarytumors. They had a mean totallung burdenof 129 nCi

238
Pu aohievedwith 53 nCi from20 000 mlorospheresIV ant!76 nC~ via



TABLEIV
XxpevimentalDesignfor Studieswith (Pu-Zr)O

$InjectedIV intoand/orInhaledby .WrianHams ers

Mean #
Spheres

o 60 000

Man InitialFu
Lung Burdens(nCi)b

117 0

0 8

Group
ID

A

Numberof
mmdma

53

43

40

45

55

44

5G

60

44

Radio-
l!MIMQ

239PU

239PUB 0

239PU * 30 000 49 6c

D=

*d

Fe

@ 30 000 0 0.-

0 0 0--

0 00--

238h

238h

238M

G * 20 000 56 87

H @ 20 000 53 76

I o 0 101

J 45 -- 0 0 0

%oes not includeseriallykilledanimalsout to 32 days postexposure.

bEstimatedfrom long terulung retentionkinetics(alveolarburden).
;he two digitsused in thesenumberswere determinedfroa retentionequations,
but it is obviousfromsuch techniquesthat roundingoff is a sufficiently
accurateaccountingof the actuallung burdens(e.g.87 nCi couldas
accuratelyhe reportedas 90 nCi).

‘GroupD received57Co labeledZr02microsphere IV and aerosolparticles.

‘GroupE received57Co labeledZr02aerosolparticles.

‘GroupF receivedunlabeledZr02aerosolparticles.



TABLEV
PulmonaryNeoplams and W Incidence

Squlnouz! Squmus
# Tmor Bear- Animals # with MultipleTmors Adeno- Cell BAL

croup + # of Anlma18 + # with Tumors Adenoma Caroimma Careincma Incidencea

L

B

c

D

E

F

G

H

I

J

1/53 (2s)

5/43 ( 12$)

2/40 (5S)

0/45 (o%)

1/55 (2s)

0/44 (0s)

20/50 (40%)

17/60 (28$)

22/44 (50%)

0/45 (0s)

0/1 (0s)

0/5 (o%)

0/2 (0%)

.-

0/1 (0s)

--

4/20 (20S)

3/17 (18s)

4/22 (18X)

1/1 (1OOZ)

5/5 ( 100s)

2/2 (100s)

.-

1/1 (100$)

12/20 (601)

11/17 (65S)

10/22 (45$)

--

--

--

--

--

--

8/20 (40$)

6/17 (35%)

9/22 (41%)

--

--

--

--

.-

--

.-

--

3/22 ( 14S)

24/52 (46%

4/38 (11%)/

7/38 (18%)!

1/45 (2$)~

5/54 (9s)

5/44 (11%)

18/30(60$

11/43(26$

12/22(55*

1/45 (2%)

a In nontuo-bearing animals.



inhalation. The predominanttumorsIn G, H, and I were adenomas;however,

adenocareincinaswere prevelantin all threegroups. The only squamouscell

(epidermold)oaroinomasfoundin this studywere In Group I. The vast

.
majority(~ 90%)of all tumorswere peripheral,i.e.,arisingfrom the

bronohialtree in or distalto uondarybronohiwith the notableexceptionof

Group1’s squamouaoell oarulnanaswhioh originatedfrom bronchialepitheliums

in hilar portionsof the lung. ThoseGroups,A, D, E, F, and J, that reoeived

. mioroaphereswithoutinhaledpartioleshad extremelylow or a zero inoidenoe

of pulmonaryneoplasms. Interestingly,GroupB, whloh reoeivedonly 8 nCi

23gPuvia inhalation,and GroupC which was given 30 000 mierospheresIV

(49 nCi 239Pu) plus 6 nCi inhaled239Pu,had lung tumorincidence of 12% and

5S respectively.It Is obviousfrom TablesIV and V that the ❑ajor factor

resultingIn lung tumorgrowthand developmentin this studywas the

admlniatrationof 239Pu or 238Pu via Inhalation. Apparently,microsphere

oontalning
239Pu lodgedintravamularlyhad littleor no influencein

tumorigenenls.

BAL occurredat an unusuallyhigh and unexpectedfrequencyIn Group A

oonaideringthe low numberof tumorsobservedin thisgroup,and the lcwer

inoidenaeobtainedin earlierstudies(Smith,~&., 1976). Further,shoe

this lesionwas also foundin hamstersthat reoeivedno radiation(GroupsE,

P’,and J), It is diffloultto definethischangeas definitivelybeing

preneopl{atio,

To oonolude,signifloantnumbersof primarylung tumors ware induoedin

Syrianhamstersthat recteivedplutonium-ziroonlmdioxidevia inhalation. The

●dditionof radiationadministeredvia plutoniumladenoeramio miorospherea



IV which lodgedin the lung oaplllarybeds had littleeffeeton tumor

production. Radiationemittedfrom plutoniaapartlolesdepositedIn the

respiratorytractafterinhalationwas the major faotorin tumorlgenesia.

DISCUSSION

Under the experimentaloondltionsprevailingin our laboratory,isolated

sourcesof intensealpha irradiation(mlorospheres)repeatedlyhave been very

ineffectiveIn indudng lung tumors. Mtcrospheresinducesignifimnt numbers

of lung tumorsonly when large portionsof the lungmass are irradiated

(TableII). Uhen the activityis oonfinedto smallernunbersof particles,

thereis no detectabletuuorigenioity.Thus the greaterhazardis present

when the radiationis more uniformlydistributedthroughoutthe pulmonary

milieu.

The resultsindicatethat the hamsteris not insmsitlve to tumor

inductionby beta radiationin the formof oeramiomiorosphereslodgedin the

147Pmresponseis similartol~mg parenchyma(Anderson&~., 1979b). Our

thatof a numberof 1ow-LETradiationsin severalspeaiesas suzmnarizedby

Bair~Q., (1974). The primaryfeaturesare the (1) high dosesrequiredto

producea modesttumorinoldenee(104rad giving 10 - 30% tmnors),

(2) insensitivityof the responseto largeInoreasesin dose (15 - 20~

inorementfor a deoade of dose inereaae),and (3) laok of indioatlonof

decliningInoidenaeeven at very high cumulativedoses.

The 210
Po exposuresoonfirmthe extensivestudiesof Littleand

co-workers(1979)and demonstratethe high tumorigenloity(35 - 50$) of this

modalityof exposure.

The disoovorythat adharlngohemloaloaroinogensto ferrisoxide (Fe203,

‘hematiteW)partioleadramatloallyWmeases the respiratorytracttmor



Ineldenaelaid the foundationfor modernlung oaroinogenesisstudies

(Saffiotti,~g~., 1964,1968,1972). It was thoughtInitiallythat Fe203

partieleoservedmerelyas ‘Inertmoarriersfacilitatingoareinogentransport

acrossbronchialepithelim. Howsver,moee recentwork suggestedthat Fe203

is in itselfcocarainogenlc(Cresiaand Nettesheim,1974). Steinback@iQ.,

(1973)foundthat severaldusts,*O, A1203tand C, given XT, acted

synergisticallywith diethylnitrosamlneinjectedsubcutaneouslyin the

Induotlonof respiratorytracttumorsin Syrianhamsters.

The role of Intratraeheally’lmtllledsalinein this enhanmment remains

to be elucidated. liehave addressedthis questionand the resultsare

onocm~ng. Relationshipsbetweenamountsand varyingdose eohedulesof Fe203

and benzo(a)pyrene(BaP)and subsequentrespiratorytracttumorinductionhave

been reportedby Safflottl&fi., (1972!. One possiblemechanismfor Fe203

tumorenhancement,other than concentratingcarcinogensand delayingtheir

olearancefrom the respiratorytract(Cresia& Netteshe~~ 1974)$IS that~

when It was administeredaloneIT, cell turnoveraa evidenuedby 3H-thymldine

Incorporationinto respiratorytraotepitheliumswas Inoreasedby a faotorof

16 over controls24 h after Injeatlon(Nettesheim,1972). Anythingthat

inoreaseaDNA.synthesishas the proclivityof actingas a oouaralnogen.

However,Little&Q., (1975)found

tumorigenioityof IT 210P0001S with

radiationgivendiffuselymay induoe
.

na markeddlfferenoein the

and withoutFe203tsuggestingthat alpha ,

respiratorytumorsvia different

meohaniamsthan ohemloal.oaroinogens.

With the inhalatione..posureexperiments,two faotorswere introduced

that variedfran the ‘hot partlolen

were muc!hsmallerand more numerous

and ●otivelytransportedout of the

mmept; namely,the aerosolpartiolea

than the mioroapheres,and were in motion

lung. Seth of these faetoragreatly



reduaedlocalizedeoncestrationof closeand resultedin a much more diffuse

depositionof energy. However,they do not differin theserespeotsfrom

aerosolsof PU02,whichare alao non-tmorogenicin hamsterl&g.

Resultsof these studieswere surprisingin that the inhalationof PU02

particlesalonehad not indie~teda tumorigenioityin the Syrianhamsterin

our laboratory,nor in at leasttwo otherlaboratories(Hobbs~A., 1976;

Sanders,1977). The obviousquestionsnow

study,oenteraboutthe reproducibilityof

being answeredthroughfurther

the resultsand the possible

adjunotiverole of the Zr02matrix in

a real enignabeoauseof the premmd

particle,aa evidencedby the laok of

when the Zr02 particlesare

Experimentsare in progress

determinewhethera similar

tumorformation. This latterfactoris

biologicalinaativltyof a Zr02

foreignbody reactionsor other lesions

administered al..one withoutradioactivity.

substitutingthoriaand Uraniafor zireoniato

effeotexists. Thesematerialsare of interest

beuause,in additionto beingchemicallysimilarto Zr02,they oomposethe

fuelelementsof breederreactors. Resultsof these further~nvestigations

are presentlybeoomlngavailable.
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